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(54) Polymerisation process 

(57) The polymerisation of olefins in the gas phase 
carried out in the presence of a catalyst system com- 
prising (a) a metallocene and (b) an activator is 
improvej by the addition of a lower alkane to the reac- 
tion. The preferred alkane is pentane and is preferably 
added to the reactor as a liquid. 

The activity of the catalyst system may be improved 
by the addition of the alkane. 
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The present invention relates to a polymerisation 

meste and ,*e„ used a,?SL^ SfT « "^Wo^-^s a« a,, S«S^2SS^at„°°°°''- 
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Most preferred complexes are amidosilane or amidoalkanediyi complexes wherein the metal is titanium. 
Highly preferred diene groups are 1.4-dipheny}-1.3-butadiene, 1 .3-pentadlene. 1,4-dibenzyl-l.3-butadiene, 3- 
methyl-1 ,3-pentadiene. 

Illustrative but not limiting examples of complexes preferred are (tert-txitylamido) (tetramethyl-riS-cyclopentadienyl) 
5 dimethylsilane titanium (11) 1 .4-diphenyl-1 .3-butadiene« 

(tert-butylamido) (tetramethyl-Ti5-cydopentadienyl) dimethyl silane titanium (II) 1 .3-pentadiene. 
(tert-butylamido) (2-methylindenyl) dimethylsilanetitanium (ti) 1,4<liphenyl'1.3-butadiene. 

10 These complexes are rendered catalytically active by combination with an activating cocatalyst Suitable cocata- 
lysts include aluminoxanes, especially methylaluminoxane (MAO) or strong Lewis acids eg tri (hydrocarbyl) boron com- 
pounds or halogenated derivatives. 

A particularly pretended activator is tris (pentaf luorophenyl) boron. 

Other complexes suitable for use in the process of the present invention are those in which the metal is in a higher 
15 valency state. Such complexes are disclosed in EP 41 6815 and WO 91 A)4257 both of which are incorporated herein by 
reference. The complexes have the general formula: 
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wherein: 

30 Cp* is a single n5-cyclopentadienyl or ri5-substituted cyclopentadienyl group optionally covalently bonded to M 
through -Z-Y- and corresponding to the formula: 
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wherein R each occurrence is hydrogen or a moiety selected from halogen, alkyi, aryl. haloalkyi, alkoxy. aryloxy. 
silyt groups, arxJ combinations thereof of up to 20 non4iydrogen atoms, or two or nx>re R groups together form a 
fused ring system; 

M is zirconium, titanium or hafnium bound in an r\S bonding mode to the cyclopentadienyl or substituted cyclopen- 

50 tadienyl group and is in a valency state of 43or +4. 

X each occurrence is hydride or a moiety selected from halo. alkyI, aryl, silyl, germyl, aryloxy. alkoxy, amide, siloxy. 
and combinations thereof (e.g. haloalkyi, halbaryl. habsilyl. alkaryl. aralkyl. silylalkyl. arytoxyaryl. and alkyoxyalkyl. 
amidoaikyl. amidoaryt) having up to 20 non-hydrogen atoms, and neutral Lewis base tigands having up to 20 non- 
hydrogen atoms: 

55 n is 1 or 2 depending on the valence of M: 

2 is a divalent moiety comprising oxygen. kx)ron. or a member of Group 14 of the Periodic Table of the Elements: 
Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or suKur, or optionally 
Z and Y together form a fused ring system. 
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or GeR"2 in which R" is hydrogen or hyd^oo^yK ^'^^^ 2 « SiR -g. CR-^. SiR 'a SiR"^. CR"=CR" 

Most preferred complexes are those wherein M Is titanium or zirconium 

pounds or halogenated derivatives. ^ ' eg tri (hydrocarbyl) boron com- 

Palicularly suitable as an activator is tris (pentaffuorophenyn boron 
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M is 2r. Ti or Hf 
Y is an univalent ligand 

<*s«l in EP 129368. EP 2K^l^SSS^ process « the present In^nHon are those as- 

o»d« and resinous s^ n^^i such ^^^^^IV^'^^f^'^'^'^-:. ino-sanic 
.o*«.e Group 2. ,3. .4 or 15 n»lal oxides suTaSSa runS^li^T'"'" ma, be used 

»«l.s thai ma, be »hpio,ed either aione or ■'cS^Si^ZZ.t^^T^ *«^>= 
™cr.rcon».O^sr«ah.s.^„«.,,^,,™^-™^^^ 

in»^Kfn^,r - ose wiih «,e s«^ o«a,«s to th. process o. the preser, 

"---ec-.^.lhesa.s^e^.Merr^rrZ'^^Sr.SJLS^^ 
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before addition of the activator. 

A suitable solvent for the preparation of the supported catalyst is toluene. 

Suitable trialkylaluminium compounds are trimethylaluminium (TMA). triethlyaluminium(TEA) or triisobutylalumin- , 
ium (TIBAL). 

5 The process according to the present invention is suitable for use in the polymerisation of olefins in particularly in 

the homopolymerisation of ethylene or the copolymerisation of ethylene with other alpha-oiefins in particular those hav- 
ing from 3 to 10 cartx>n atoms. Most preferred atpha-olefins are 1-butene, 1-hexene and 4-methyl-1-pentene. 

The process may be carried out in any suitable gas phase process but is particularly suitable for use with gas phase 
processes carried out in a fluldised bed reactor. A most preferred process is that described in WO 94/28032. Other suit- 

JO able gas phase processes are desaibed in EP 89691 , WO 94/25495 and WO 94/25497. 

The aforementioned WO 94/28032 relates to a f luisided bed gas phase process in which a liquid is injected directly 
into the f luidised bed. The liquid which may t>e an inert liquid is used as a condensate in order to aid the cooling of the 
bed. In such a process the liquid coolant may be continuously injecteJ into the bed during the polymerisation process. 
In the present invention the alkane may be added to the reactor prior to the commencement of the polymerisation and 

15 is also used in much smaller amounts than used for cooling purposes as disclosed in WO 94/28032. 

The alkane is particularly effective under polymerisation conditions of low comonomer concentrations. For example 
the invention is particularly suitable for the copolymerisation of ethylene and comonomer at pressures in the range 
C^/C2 > 0.01 bar preferably > 0.1 bar and Cx (absolute) > 0.1 bar preferably > 0.5 bar wherein Cx and C2 are the partial 
pressures of comonomer and ethylene respectively. 

20 Using the process according to the present invention polymers may be prepared having densities in the range from 

0.905 to 0.960 g/cc and a melt index in the range 0.1 to 20 according to ASTM D1238 condition E (2.16 kg. at 190 
deg.C). 

The present invention will be further illustrated with reference to the following Examples. 

25 Example 1 

Preparation of suoported catalyst 1 

7.0kg of CrosfieW ES70 silica (activated at 500°C) were slurried in 110 litres of hexane. 9.32 litres of 0.976M TEA 
30 in hexane were added, and the slurry agitated for 2 hours at 30*C. The silica was allowed to settle, and the supernatant 
hexane removed. The silica was washed several times with hexane, until the concentration of Al in the washing had 
reached <1mmol Al/Iitre. Then the silica was dried /n vacuo at 40**C. 

50g of this TEA treated ES70 silica were slumed in 250ml of dry toluene. 1 0.4ml of a 1 0.7wt% solution of (tert-buty- 
lamido)(tetramethyi -n^-cyclopentadienyl)dimethylsilanetitanium penta-1.3<liene in toluene were added, and the mix- 
35 ture shaken vigorously. Then 29.4 ml of a 7.85wt% solution of tris(pentaf luorophenyl)boron in toluene were added. The 
mixture was shaken well, and then the solvent removed in vacuo at 40*C to give an olive green powder. 

Example 2 

40 Preparation of supported catalyst 2 

2.5kg of Crosfield ES70 silica (activated at 500*C) were slumed in 1 10 litres of hexane. 4.00 litres of 0.976N/I TEA 
in hexane were added, and the slurry agitated for 2 hours at 30*C. The silica was allowed to settle and the supernatant 
hexane removed. The silica was washed several times with hexane, until the concentration of Al in the washing had 
45 reached <1mmol Al/litre. Then the silica was dried in vacuo at 40'*C. 

lOg of this TEA treated ES70 silica were slurred in 40ml of dry toluene 2.1ml of a 10.7wt% solution of (tert-butyla- 
mido)(tetramethyl-n^-cyclopentadienyl)dinnethylsilanetitanium F>enta-1 .3-diene in toluene were added, and the mixture 
shaken vigorously Then 5.9ml of a 7.85wt% solution of tris(pentaf luorophenyl)boron in toluene were added. The mix- 
ture was shaken well, arxJ then the solvent removed in vacuo at 40*'C to give an olive green powder. 

£0 

Example 3 
Polymerisation. 

55 347g of NaCl was added to a 2.5 litre volume agitated dry phase reactor, which had been previously baked out at 
85*0 under a N2 purge. The reactor was cooled to 25**C and 5nil of dry pentane was added to the reactor. The reactor 
was sealed and the temp, raised to 85"C. 1 . 1 9g of a TIBAL treated silica was added to the reactor, and this was agitated 
for 15 nBnutes. The reactor was coded to 70*0. and 6.5 bar C2H4 added. Then H2 and 1-hexene were admitted to the 
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reactor. A mixture of 0.309g of catalyst prepared from exarrmle 1 anrf n Qii)/i /m a no ai ». ... •. 

the reactor with high pressure N,. e te^erature cyJ^SJu^aS^ hf^ln!!!^? ""^ '"'"^^ 

stant durir^ the rest of the test. The total^lymerisatior, tim^ zSl^^S D^rnT?r t 

ratio was 0.0038 and the average 1-hexanScoH4 ratio waTo 0^2 ^^^^^ ^ H^^'J^^ ^^^^^^ 

polymer was recovered after washing off the St ^ ^fan aSSity^ ^^^^ T""' '""^ 

0.9175 g/ml and M1(2.16) was 2.10. 9 vmg an activity of 33.6g/g cath.bar. The polymer density was 
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was sealed and tl^ temp raIsS to 8^»C T^oTn^. TiZfT ^ r ^ ^^^"^ ""^^ ^"^^ ^° reactor 
for 15 minutes. TJ:reX^\11Tedto^oT ^'^^^^^ 

reactor. A mixture of 0.289g of catalyst prepared from 4mLte 1 aS^l^a^nf ^t.r^ -hexene were admitted to the 
the reactor with high pressure N, The tenierSure r h f f ^ ^'^^'^ '"to 
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85.cTnSerN';:?eT3C a T^^^^^^ -^-'^'^ '^^e^ at 

The reactor was awled a^ 7?-C and 6 5 tefr^ t^I^ ^'''^ ^^itated tor 15 minutes. 

ture Of 0.213g of?^tfp^^;ilm E^':Sle^'^^^^ Stg ^^a'^BAL'^rjJL^^^ "'^^ 
with high pressure N, The teW.eraiuri:. r u rJj..Zr: -^1^ f 5 ^'^^ injected into the reactor 

the res' of the teS. CtotLlXm^Sn tiST^^^^ 1-hexene levels were maintains, constant during 

0.0039 and the average l-hexeS^S^o vS ^V^^TZ ^ 5 " ^"^"^^e H^C^H, ratio was 
recovered after wash.?^ on the sa...^giC^^ 
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*° ^ ""'""'^ ^9"^'^ *y P^se reactor, which had been previously baked out at 

oo O under a No purge. The reactor wa<; mniAri tr* o*;or c^i ^* -i . wccii pieviousiy oaKea oui at 

was sealed and tl^ temp raisS to T^lT^l^i^JT ""^^ t° The reactor 

for 15 minutes. -n^ rJSci walked to 70^^^^^ 

reactor. A mixture Of 0.217gXXtpreSrSfrl Exa^?2^^^^ 

the reactor with high pressure N^. fie te-^eraturr^H! pT^^ire^^ h!^. *T ^'"^ "'^^ 
stant during the rest of the test, ^e total^lymerisaS tim^ I^J^'S l ^iexene levels were maintained con- 
ratio was 0.0042 and the average l-hexenScTH S^n^Tn ^""^ *® ^^^«9« "2/^2^4 
polymer was recovered aft^ v^ino ^ t^f ST^ • ^® '^"^ *^ ^®"t^ «»o'ed. and 122g of 
g/hiandM1{2i1)t^f4 ^■'^'^^^^^ 
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with high pressure N2- The temperature. C2H4 pressure and H2 and 1-hexene levels were maintained constant during 
the rest of the test. The total polymerisation time was 123 minutes. During the test, the average H2/C2H4 ratio was 

0. 0035 and the average 1 -hexene/C2H4 ratio was 0.0037. The reactor was vented and cooled, and 85g of polymer was 
recovered after washing off the salt, giving an activity of 29.0g/g cat.h.bar. The polymer density was 0.919 g/ml and 

5 M1(2.16)was0.8. 

Claims 

1 . A process for the polymerisation of olefins in a gas phase reactor said process being carried out in the presence of 
10 a catalyst system comprising (a) a metallocene and (b) an activator characterised in that a lower atkane is added 

directly to the gas phase reactor. 

2. A process according to daim 1 wherein the lower alkane is chosen from the group consisting of butane, pentane 
isopentane or hexane. 

15 

3. A process according to claim 2 wherein the alkane is pentane. 

4. A process according to any of the preceding claims wherein the alkane is added directly to the reactor before the 
addition of the olefins. 

20 

5. A process according to any of the preceding claims wherein the alkane is added to the reactor as a liquid. 

6. A process according to any of the preceding claims wherein the metallocene has the formula: 




35 wherein: * 

R' each occurrence is independently selected from hydrogen, hydrocarbyl. silyl. germyl. halo, cyano. and com- 
binations thereof said R' having up to 20 non hydrogen atoms, and optionally, two R* groups (where R' is not 
hydrogen, halo or cyano) together form a divalent derivative thereof connected to adjacent positions of the 
40 cycloperrtadienyi ring to form a fused ring structure; 

X is a neutral bonded diene group having up to 30 non-hydrogen atoms, which forms a n-complex with M; 
Yis -0-. -S-. -NR*-. -PR*-: 

M is titanium or zirconium in the +2 formal oxidation state; 

2* is SiR2. CR*2. SiR*2SiR*2. CR*2CR*2. CR* = CR*. CR2SiR*2. or GeR^g; wherein: 
45 R* each occurrence is independently hydrogen, or a member selected from hydrocarbyl. silyl. halogenated 

alkyl. halogenated aryl . and combinations thereof, sakj R* having up to 1 0 non-hydrogen atoms, and optionally, 
two R* group from Z* (when R* is not hydrogen), or an R* group from Z* arxi an R* group from Y form a ring 
systems. . 

so 7. A process according to any of the preceding claims wherein the metallocene has the formula: 
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(X) 



n 



wherein: 



Cp* is a single nS-cydopentadienyl or Ti5-substituted cyclopentadienyl group optionally covalently bonded to 
M through -Z-Y- and corresponding to the formula: 



wherein R each occurrence is hydrogen or a moiety selected from halogen, alkyi, aryl. haloalkyi alkoxy ary- 
loxy. silyl groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or more R groups together 
form a fused ring system; 

M is zirconium, titanium or hafnium bound in an ti5 bonding mode to the cyclopentadienyl or sutfetituted 
cyclopentadienyf group and is in a valency state of +3or +4. 

X each occun-ence is hydride or a moiety selected from halo, alkyl. aryl. silyi. germyi. aryloxy. alkoxy. amide 
siloxy and combinations thereof (e.g. haloalkyi. haloaryl, halosilyl. alkaryl. aralkyl. silylalkyi, aryloxyaryl and 
alkyoxyalkyl. amidoalkyl. amidoaryl) having up to 20 non-hydrogen atoms, and neutral Lewis base ligands hav- 
ing up to 20 non-hydrogen atoms; 
nls 1 or 2 depending on the valence of M; 

2 is a divalent moiety comprising oxygen, boron, or a member of Group 14 of the Periodic Table of the Ele- 
ments; 

Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur or 
optionally Z and Y together form a fused ring system. 

8. A process according to any of the preceding claims wherein the metallocene is supported. 

9. A process according to dalm 8 wherein the metallocene is supported on silica. 

10. Aprocess according to any of the preceding claims wherein the polymerisation process is carried out in a fluidised 
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bed reactor. 
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